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RESULTS OF CRITERIA-BASED ASSESSMENT OF EFFICIENCY  

OF APPLICATION OF DPF FOR DIESEL ENGINE WITH TAKING INTO 

ACCOUNT OF ITS HYDRAULIC RESISTANCE 

 

KONDRATENKO O.M., KOVALENKO S.A. 

National University of Civil Defence of Ukraine, Kharkiv, Ukraine 

 

Power plants (PP) with diesel reciprocating internal combustion engines (RICE) 

are the powerful source of factors which characterized ecological safety (ES) level of 

they exploitation process. The provision of a legislative established ES level for PP 

with RICE exploitation process should be based on methodological bases – ESMS or 

ecological safety management systems, as well as the use of devices and systems for 

neutralization of pollutants in the exhaust gas (EG) flow [1, 2]. Particulate matter 

(PM) that containing unburned hydrocarbons of motor fuel and oil which has 

carcinogenic and mutagenic effect occupy the second place from the legislatively 

normalized pollutants in EG of diesel engines in terms of the reduced toxicity [1–3]. 

In order to reduce the PM mass emission in the EG flow of diesel engine, particulate 

filters (DPF) of various designs and principles of operation are used [1]. However, 

such devices are characterized by less than 100 % operational efficiency and 

significant hydraulic resistance (HR), which changes periodically during exploitation 

process [1]. At present, no single criterion has been created for assessment of the 

effectiveness of ESMS [1], so it is possible to use the mathematical apparatus of the 

complex fuel-ecological criterion for prof. I.V. Parsadanov described in [3] and 

improved in [2]. In this case, the use of DPF should have an impact on the magnitude 

of such criterion at the same time positively – by reducing the monetary cost of 

compensation for environmental damage from contamination of it with legalative 

normalized pollutants with EG by their purification from PM; and negatively – by 

increasing the fuel consumption of diesel engine to overcome the extra HR in the 

exhaust system. 

In studies [2, 3] described several models of operation of diesel RICE for various 

purposes, including standardized steady test cycles, from which a 13-mode cycle for 

passenger mechanical motor vehicles, minibuses and trucks should be distinguished 

(UNECE Regulation No. 49) and in the first approximation it can be considered as a 

exploitation model of the emergency rescue equipment units of the SES of Ukraine 

which are on combat duty. This study was performed on the example of a 2Ch10.5/12 

autotractor diesel engine, the main technical and economic characteristics of which 

were obtained experimentally and described in the sources [2, 3] as well as of DPF 

developed and described in [1]. The main parameters of selected exploitation model 
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and the legislative established requirements for diesel EG toxicity in a historical 

retrospective are summarized in a monograph [3]. Information about the HR of DPF 

ΔPDPF and its purification efficiency КPE(GPM) and also about the addition fuel 

consumption by RICE to overcome of DPF backpressure ΔGfuel was obtained from 

the appropriate mathematical models developed and described in [1]. 

The full range of possible variants of calculated study includes 11 items, a list, 

descriptions and parameters of the most important of which are summarized in Table. 

1, and the distribution over the factor plane is shown in Fig. 1, in which the shaded 

area depicts the inter-regeneration period (IRP) of the DPF operation process. 
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Figure 1 – Distribution of variants of calculated study  

on the DPF operation process factor plane 

Table 1 – Parameters of the most important variants of calculated study 

Variant Parameter 

Place in IRP 
Marking Title 

КPE(GPM) ΔРDPF 

% kPa 

A Basic 0 0 – 

B Initial with ideal fluid 63 0 beginning 

F Real beginning of IRP 63 4 beginning 

H IRP of constant efficiency 63 20 end 

J Real end of IRP 71 20 end 

The results of the criteria-based assessment for the selected variants of the 

calculated study for both methods of obtaining the individual regime values of the 

criterion Kfe and its constituents for the 2Ch10.5/12 diesel engine that operates on a 

13-mode cycle are shown in Fig. 2 and 3 in accordance with the use of specific 

effective and indicator indicators of RICE operation. The main results of the 

comparative calculation study - the average operational values of the complex fuel-

ecological criterion for all variants of the calculation are illustrated in Fig. 4. 

From the number of all variants of «settings» of the mathematical apparatus of Kfe 

criterion, including the original version from monograph [3], the highest sensitivity to 

changes in mass hourly emissions of PM and mass hourly fuel consumption by 

diesel, which on average for all variants of calculation is 9.3 %, the reason for which 

is the fact that the equipment of its exhaust system of the DPF with its HR is the 

variant with the use of specific effective components.  
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The variant with using specific indicator components has less sensitivity 7.4 %, 

that is in 1.26 times. In this case, the use of specific indicator components in the 

structure of the Kfe criterion, although it gives a worse resolution ability, should be 

preferred because of the possibility to obtain an estimate of the fuel-ecological 

efficiency of idling and low effective power regimes. It is therefore recommended to 

prefer the use of specific indicator components in its resolution structure. 
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Figure 2 – Results of estimation of fuel-ecological efficiency of exploitation process of diesel 

engine 2Ch10.5/12 with DPF with using of criterion Kfe by 13-mode test cycle for specific 

effective values of its components 
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Figure 3 – Calculated obtained magnitudes of the middle exploitational values  

of Kfe criterion for different variants the study 
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Figure 4 – Calculated obtained magnitudes of relative differences of middle exploitational 

values of criterion Kfe variants the study for taking into account the operational performance 

of DPF at different stages of its IRP in comparison with the basic variant 
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